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(57) ABSTRACT

A target space ratio ol a monitor pattern on a substrate for
ispection 1s determined to be different from aratioof 1:1. A
range of space ratios 1n a library 1s determined to include the
target space ratio and not include a space ratio of 1:1. The

monitor pattern 1s formed on a film to be processed by per-
forming predetermined processes on the substrate for 1nspec-
tion. Sizes of the monitor pattern are measured. The sizes of
the monitor pattern are converted into sizes of a pattern of the
f1lm to be processed having a space ratio of 1:1, and process-
ing conditions of the predetermined processes are compen-
sated for based on the si1zes of the converted pattern of the film
to be processed. After that, the predetermined processes are
performed on a waler under the compensated conditions to
form a pattern having a space ratio of 1:1 on the film to be
processed.
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METHOD OF MANUFACTURING
SEMICONDUCTOR DEVICE AND SYSTEM

FOR MANUFACTURING SEMICONDUCTOR
DEVICE

TECHNICAL FIELD

The present invention relates to a method of manufacturing
a semiconductor device by forming a predetermined pattern
on a film to be processed on a substrate, for example, a
semiconductor wafer or the like, and a system for manufac-
turing a semiconductor device.

BACKGROUND ART

According to conventional semiconductor device manu-
facturing processes, a photolithography process sequentially
performing a resist applying process of forming a resist film
by applying a resist liquid on a semiconductor water (here-
inafter, referred to as “water”), an exposure process of expos-
ing a predetermined pattern on the corresponding resist film,
and a developing process of developing the exposed resist
f1lm 1s performed such that a predetermined resist pattern may
be formed on the water. By using the resist pattern as a mask,
an etching process of a film to be processed on the wafer 1s
performed, and after that, the resist film 1s removed and a
predetermined pattern 1s formed on the film to be processed.

When forming the pattern of the film to be processed that 1s
described above, fine patterns are required to be formed on the
corresponding {ilm to be processed 1n order to achieve high
integration of a semiconductor device. In general, a limitation
in miniaturization in the photolithography process 1s about a
wavelength of light used 1n the exposure process. Thus, wave-

length of the light used in the exposure process has been
narrowed, according to the conventional art. However, there
are technical and economical limitations 1n narrowing the
wavelength of an exposure light source, and 1t 1s difficult to
form fine patterns of, for example, a few nano-meter order, on
a surface of the film to be processed only by narrowing the
wavelength of the light.

Therelore, a so-called side wall transter (SWT) method, in
which a mask 1s formed on opposite side wall portions of line
portions 1n the resist pattern by using a S10, film as a sacri-
ficial film, has been suggested. The SWT method performs a
patterning of the film to be processed to be finer pitches than
those of the resist pattern that 1s formed on the wafter by
performing the photolithography process at an 1nitial stage.
That 1s, according to the SWT method, a sacrificial film 1s
tormed on the resist pattern, and the sacrificial film 1s etched
so as to remain only on side wall portions of line portions 1n
the resist pattern. After that, the resist pattern 1s removed, and
a pattern of the sacrificial film 1s formed on the film to be
processed of the water. Then, the film to be processed 1s
ctched by using the fine sacrificial film pattern as a mask, so
that fine patterns of the film to be processed are formed on the
waler (Patent Reference 1).

In addition, 1n order to obtain higher integration of the
semiconductor device as described above, sizes of structures
on the water, that 1s, patterns of the sacrificial film or the film
to be processed, have to be measured exactly when manufac-
turing the semiconductor device. In addition, a result of the
measurement 1s applied to processing conditions of the wafer,
and thus, the wafer may be appropriately processed and a high
throughput may be realized.

Conventionally, 1n order to measure sizes or shapes of the
patterns formed on the water, a method of observing the
patterns with a scanning electron microscope has been used.
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However, according to the conventional method using the
scanning electron microscope, a vacuum apparatus 1s neces-
sary, and the wafer has to be cleaved, that 1s, the water itseltf
has to be damaged, 1n order to measure a cross-section of the
waler for measuring a three-dimensional shape such as a
height of the pattern or the like.

Therefore, a scatterometry method has been suggested 1n
order to nondestructively measure sizes of patterns formed on
the water exactly and rapidly. According to the scatterometry
method, a diffracted light beam (spectrum) generated when a
light beam 1s irradiated onto an arbitrary repeated pattern
shape 1s calculated to generate library thereof in advance. In
addition, a light beam 1s irradiated onto an actual pattern that
1s an object to be measured, and a spectrum of light reflected
from the pattern 1s measured. The measurement result and
spectrum of the library are matched so as to estimate a pattern
shape of an appropriate spectrum in the library as the actual
pattern shape. By using the above method, even when the
patterns formed on the water are fine, a size of a predeter-
mined pattern on the wafer can be measured through the
pattern matching by using the library (Patent Reference 2).

PRIOR ART REFERENC.

L1l

(Patent Reference 1) . . . Japanese Laid-open Patent Pub-
lication No. 2009-99938

(Patent Reference 2) . . . Japanese Laid-open Patent Pub-
lication No. 2005-33187

DISCLOSURE OF THE INVENTION

Technical Problem

However, it 1s required to form a pattern of a film to be
processed on a waler to have a first space portion and a second
space portion adjacent to the first space portion, widths of
which have a ratio of 1:1. Therefore, according to the above
described SWT method, 1t 1s required to form a pattern 901 of
a sacrificial film formed on a film to be processed 900 of a
waler W shown in FIG. 17 such that a space ratio between a
width D, of a first space portion 903a between line portions
902a and 9025 and a width D, of a second space portion 9035
between the line portions 9026 and 9024 1s 1:1. In addition,
the first space portion 903a 1s a space formed by removing a
resist pattern 904, and the second space portion 9035 15 a
space formed between two resist patterns 904.

However, when the SWT method 1s used, one line portion
9026 between the two line portions 902a and 90256 of the
sacrificial film pattern 901 may be dislocated from a prede-
termined position, as shown in FI1G. 18. That1s, the space ratio
of the sacrificial film pattern 901 may not be 1:1.

In this case, a degree of the dislocation of the line portion
9026 1n the sacrificial film pattern 901 has to be exactly
measured. However, when the scatterometry method 1s used
in this measurement, so-called toggling phenomenon may
OCCUL.

As described above, according to the scatterometry
method, a library with respect to an arbitrary pattern 1s used.
FIG. 19 1s a graph showing a range of a space ratio (diagonal
line portion 1n FIG. 19) of a library L. The library L includes
a spectrum E, of the pattern having a space ratio which 1s
aimed to be ot 1:1. In this case, when assuming that the actual
space ratio shown in FIG. 18 1s 0.8:1.2, a spectrum E, 1s
obtained by irradiating light beam on a pattern 501 as shown
in FI1G. 19. However, the spectrum E, has the same distribu-
tion as that of a spectrum E; having a space ratio of 1.2:0.8.
That 1s, spectrums having the space ratios that are located




US 8,853,087 B2

3

point-symmetrically with each other with respect to the space
rat1o of 1:1 have the same distribution. Then, when matching,

the measured spectrum E, with the spectrums 1n the library L,
the spectrum E; may be wrongly estimated as the actual
spectrum E,. That 1s, even though the actual space ratio 1s
0.8:1.2, 1t can be estimated that the space ratio of the pattern
1s 1.2:0.8. This 1s referred to as the above described toggling.

In addition, the space ratio 1.2:0.8 of the spectrum E,
denotes that a ratio between the width D, of the first space
portion 9034 and a width D, of the second space portion 9035
1s 1.2:0.8 as shown 1n FIG. 20. Therefore, the pattern 901
shown 1 FIG. 20, which 1s measured by the scatterometry
method, 1s totally different from the actual pattern 901 shown
in FIG. 18.

As described above, when the toggling occurs, the sacrifi-
cial film pattern 901 1s estimated to be different from the
actual pattern, and thus, sizes of the sacrificial film pattern
901 cannot be measured exactly.

In addition, when the pattern of the film to be processed
formed on the wafer 1s measured, sizes of the pattern of the
film to be processed may not be measured exactly, as
described above.

To address the above problems, the present invention 1s to
form a pattern having a space ratio of 1:1 on a film to be
processed on a substrate, by exactly measuring sizes of a
sacrificial film pattern or a pattern of a {ilm to be processed on
the substrate.

Technical Solution

According to an aspect of the present invention, there 1s
provided a method of manufacturing a semiconductor device
by performing predetermine processes on a substrate to form
a pattern including line portions and space portions and hav-
ing a space ratio of 1:1 between a width of a first space portion
and a width of a second space portion that 1s adjacent to the
first space portion on a {ilm to be processed on the substrate,
wherein the predetermined processes may include: a resist
pattern forming process of forming a resist pattern formed as
a plurality of lines on the film to be processed on the substrate,
by performing a photolithography process on the substrate; a
trimming process ol trimming the resist pattern; a film form-
ing process ol forming a sacrificial film that 1s a mask used
when etching the film to be processed on the resist pattern; a
sacrificial film pattern forming process of forming a pattern of
the sacrificial film on the film to be processed on the wafer,
wherein the pattern may include a plurality of lines, by etch-
ing the sacrificial {ilm so as to have the sacrificial film remain
only on side wall portions of line portions of the resist pattern,
and by removing the resist pattern; a film to be processed
pattern forming process ol forming the pattern including a
plurality of lines on the film to be processed, by etching the
film to be processed by using the sacrificial film pattern as a
mask; a monitor pattern forming process of forming a first
monitor pattern formed on a sacrificial film of a substrate for
inspection 1n the sacrificial film pattern forming process and
forming a second monitor pattern formed on a film to be
processed on the substrate for inspection in the film to be
processed pattern forming process by performing predeter-
mined processes on the substrate for ispection, wherein tar-
get space ratios of the first and second monitor patterns are
different from a ratio of 1:1; a size measuring process of
measuring sizes ol the first monitor pattern or the second
monitor pattern formed 1n the monitor pattern forming pro-
cess, 1n a scatterometry method by using a library including
sacrificial film patterns and patterns of the film to be pro-
cessed, wherein a range of space ratios of the library includes
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the target space ratio and does not include the space ratio of
1:1; a ratio converting process ol converting the sizes of the
first or second monitor pattern, which are measured through
the size measuring process, into sizes ol a sacrificial film
pattern or a pattern of a {ilm to be processed, a space ratio of
which 1s aimed to be 1:1, by using a regression equation for
converting the sizes of the first monitor pattern or the second
monitor pattern having the target space ratio 1nto sizes of a
sacrificial film pattern or a pattern of a film to be processed
having a space ratio of 1:1; a processing condition compen-
sation process ol compensating for processing conditions 1n
the predetermined processes, based on the sizes of the sacri-
ficial film pattern or the pattern of the film to be processed
converted 1n the ratio converting process; and a substrate
processing process of forming a pattern having a space ratio
of 1:1 on the film to be processed on the substrate, by per-
forming the predetermined processes on the substrate under
the compensated processing conditions. Also, the sacrificial
film may be, for example, a S10, film. Also, sizes of the
pattern may denote, for example, a line width of the line
portion, the width of the space portion, and side wall angle of
the line portion 1n the pattern.

According to the present invention, the first monitor pattern
or the second monitor pattern (hereinafter, sometimes simply
referred to as ‘monitor pattern’) 1s formed on the substrate for
ispection by performing predetermined processes, and the
s1zes of the monitor pattern are measured by using the scat-
terometry method. Here, the target space ratio of the monitor
pattern may be different from a ratio of 1:1. In addition, when
measuring the sizes of the monitor pattern, a range of space
ratios of the library used in the scatterometry method may
include the target space ratio, but does not include the space
ratio of 1:1. That 1s, the library does not include a space ratio
that 1s located at a point symmetric location with respect to the
space ratio of 1:1, but includes spectrums of different distri-
butions. Therefore, according to the present mvention, the
s1zes of the monitor pattern may be measured exactly without
occurring a toggling, like in the conventional art. After that,
the measured sizes of the monitor pattern are converted nto
s1zes of the pattern of the sacrificial film or the pattern of the
film to be processed, the space ratio of which 1s aimed to be
1:1, by using a regression equation that 1s stored 1n advance to
compensate for processing conditions of the predetermined
processes. Therefore, the predetermined processes may be
performed on the substrate under the compensated processing
conditions, and thus the pattern having a space ratio of 1:1
may be appropriately formed on the film to be processed on
the substrate.

According to another aspect of the present invention, there
1s provided a method of manufacturing a semiconductor
device by performing predetermine processes on a substrate
to form a pattern including line portions and space portions
and having a spaceratio of 1:1 between a width of a first space
portion and a width of a second space portion that 1s adjacent
to the first space portion on a film to be processed on the
substrate, the method including: a monitor pattern forming
process ol forming a monitor pattern, a target space ratio of
which 1s different from a ratio of 1:1, by performing the
predetermined processes on a substrate for mspection; a size
measuring process of measuring sizes of the monitor pattern
formed 1n the momitor pattern forming process, 1n a scatter-
ometry method by using a library including patterns, wherein
a range ol space ratios of the library includes the target space
ratio and does not include the space ratio of 1:1; a ratio
converting process ol converting the sizes of the monitor
pattern, which are measured through the size measuring pro-
cess, 1nto sizes of a pattern, a space ratio of which 1s aimed to
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be 1:1, by using a regression equation for converting the sizes
of the monitor pattern having the target space ratio into sizes
of a pattern having a space ratio of 1:1; a processing condition
compensation process of compensating for processing con-
ditions 1n the predetermined processes, based on the sizes of
the pattern converted 1n the ratio converting process; and a
substrate processing process of forming a pattern having a
space ratio of 1:1 on the film to be processed on the substrate,
by performing the predetermined processes on the substrate
under the compensated processing conditions.

According to another aspect of the present invention, there
1s provided a system for manufacturing a semiconductor
device by performing predetermine processes on a substrate
to form a pattern including line portions and space portions
and having a space ratio of 1:1 between a width of a first space
portion and a width of a second space portion that 1s adjacent
to the first space portion on a film to be processed on the
substrate, the system including: a processing unit including
an applying and developing device and an exposure device
which form a resist pattern including a plurality of lines on the
f1lm to be processed on the substrate by performing a photo-
lithography process on the substrate, a trimming device
which trims the resist pattern, a film forming device which
forms a sacrificial film that functions as a mask when etching
the film to be processed on the resist pattern, an ashing device
which forms a pattern of the sacrificial film on the film to be
processed on the substrate, wherein the pattern comprises a
plurality of lines, by etching the sacrificial film so as to have
the sacrificial film remain only on side wall portions of line
portions of the resist pattern, and by removing the resist
pattern, and an etching device which form a pattern including
a plurality of lines on the film to be processed by etching the
f1lm to be processed by using the pattern of the sacrificial film
as amask, and performing the predetermined processes on the
substrate; a pattern size measuring device which measures
s1zes of the pattern of the sacrificial film or the pattern of the
f1lm to be processed; a controlling device which compensates
for processing conditions 1n the processing unit based on a
result of measuring the sizes of the pattern of the sacrificial
film or the pattern of the film to be processed, wherein the
controlling device controls the processing unit to form a first
monitor pattern formed on a sacrificial {ilm of a substrate for
inspection by the film forming device and to form a second
monitor pattern formed on a film to be processed on the
substrate for inspection by the etching device by performing
predetermined processes on the substrate for inspection,
wherein target space ratios of the first and second monitor
patterns are different from a ratio of 1:1; controls the pattern
s1ze measuring device to measure sizes of the first monitor
pattern or the second momnitor pattern formed in the process-
ing unit, in a scatterometry method by using a library includ-
ing sacrificial film patterns or patterns of the film to be pro-
cessed, wherein a range ol space rations of the library

includes the target space ratio and does not include the space
ratio of 1:1; converts the sizes of the first or second monitor
pattern of the target space ratio, which are measured by the
pattern size measuring device, into sizes of a sacrificial film
pattern or a pattern of a film to be processed, a space ratio of
which 1s aimed to be 1:1, by using a regression equation for
converting the sizes of the first monitor pattern or the second
monitor pattern having the target space ratio 1nto sizes of a
sacrificial film pattern or a pattern of a film to be processed
having a space ratio of 1:1; and compensates for processing,
conditions 1n the processing unit based on the sizes of the
converted sacrificial film pattern or the pattern of the film to
be processed.
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According to another aspect of the present invention, there
1s provided a system for manufacturing a semiconductor
device by performing predetermine processes on a substrate
to form a pattern including line portions and space portions
and having a spaceratio of 1:1 between a width of a first space
portion and a width of a second space portion that 1s adjacent
to the first space portion on a film to be processed on the
substrate, the system including: a processing unit which
forms a pattern by performing the predetermined processes
on a substrate; a pattern size measuring device which mea-
sures s1zes of the pattern formed by the processing unit; and a
controlling device which compensates for processing condi-
tions 1n the processing unit based on a result of measuring the
s1zes ol the pattern, wherein the controlling device controls
the processing unit to form a monitor pattern, a target space
ratio of which 1s different from a ratio of 1:1, by performing,
the predetermined processes on a substrate for mspection;
controls the pattern s1ze measuring device to measure sizes of
the monitor pattern formed by the processing unit, 1n a scat-
terometry method by using a library including patterns,
wherein a range of space ratios of the library includes the
target space ratio and does not include the space ratio of 1:1;
converts the sizes of the monitor pattern, which are measured
by the pattern size measuring device, into sizes of a pattern, a
space ratio of which i1s aimed to be 1:1, by using a regression
equation for converting the sizes of the monitor pattern hav-
ing the target space ratio 1nto sizes of a pattern having a space
ratio of 1:1; and compensates for processing conditions 1n the
processing unit, based on the sizes of the pattern converted in
the ratio converting process.

Advantageous Elfects

According to the present mvention, a pattern having a
space ratio of 1:1 may be appropriately formed on a film to be
processed on a substrate to have predetermined sizes, by
exactly measuring sizes of a sacrificial film pattern or a pat-
tern of a film to be processed on the substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic plan view showing a system for
manufacturing a semiconductor device according to an
embodiment of the present invention;

FIG. 2 1s a schematic plan view showing a configuration of
a first processing unit;

FIG. 3 1s a front view of the first processing unit;

FIG. 4 1s a rear view of the first processing unit;

FIG. 5 1s a schematic plan view of a configuration of a
second processing unit;

FIG. 6 15 a longitudinal cross-sectional view schematically
showing a configuration of a pattern size measuring appara-
tus;

FIG. 7 1s a diagram showing a monitor pattern formed on a
film to be processed on a waler for test;

FIG. 8 1s a graph showing a result of a simulation per-
formed when a target space ratio of the monitor pattern 1s
determined;

FIG. 9 1s a graph showing a result of a simulation per-
formed when a target space ratio of the monitor pattern 1s
determined;

FIG. 10 1s a graph showing a result of a stmulation per-
formed when a target space ratio of the monitor pattern 1is
determined:

FIG. 11 1s a graph showing a range of space ratios 1n a
library;

FIG. 12 1s a block diagram of a controlling apparatus;
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FIG. 13 1s a flowchart describing inspection processes and
waler processes;

FIGS. 14A through 14F are diagrams showing states of a
waler for inspection 1n each of processes, wherein FIG. 14A
shows that a resist pattern 1s formed, F1G. 14B shows that the
resist pattern and an anti-reflection film are trimmed, FIG.
14C shows that a sacrificial film 1s formed, FIG. 14D shows
that a pattern (momtor pattern) of the sacrificial film 1s
formed, and FIG. 14E shows that a pattern (monitor pattern)
of a film to be processed 1s formed;

FIGS. 15A through 15E are diagrams showing states of a
waler 1 each of processes, wherein FIG. 15A shows that a
resist pattern 1s formed, FIG. 15B shows that the resist pattern
and an anti-reflection film are trimmed, FIG. 15C shows that
a sacrificial film 1s formed, FI1G. 15D shows that a pattern of
the sacrificial film 1s formed, and FIG. 15E shows that a
pattern of a film to be processed 1s formed;

FIGS. 16 A and 16B are diagrams showing patterns of a
f1lm to be processed, which have different ratios between line
widths of line portions and widths of space portions from each
other, formed on the water, wherein F1G. 16 A shows a pattern
of a film to be processed, 1n which the ratio between the line
width of the line portion and the width of the space portion 1s
1:1, and FIG. 16B shows a pattern of a film to be processed, 1n
which a ratio between the line width of the line portion and the
width of the space portion 1s 1:3;

FI1G. 17 1s a diagram showing a pattern of a sacrificial film,
in which a space ratio 1s 1:1;

FIG. 18 1s a diagram showing a pattern of a sacrificial film
formed on a waler by using a conventional semiconductor
device manufacturing method;

FIG. 19 1s a graph showing a range of space ratios in a
library according to the conventional art; and

FI1G. 20 1s a diagram showing a pattern of a sacrificial film
formed on a water, which 1s measured by a conventional
pattern size measurement method.

BEST MODE FOR CARRYING OUT TH.
INVENTION

L1

Hereinatiter, embodiments of the present invention will be
described. FIG. 1 1s a plan view schematically showing a
system 1 for manufacturing a semiconductor device accord-
ing to an embodiment of the present invention. Also, accord-
ing to the present embodiment, a pattern of a film to be
processed 1s formed on a water W by using a side wall transier
(SWT) method. In addition, the pattern of the film to be
processed includes line portions and space portions, and a
space ratio between a width of a first space portion and a
width of a second space portion that 1s adjacent to the first
space portion 1s 1:1.

The system 1 for manufacturing the semiconductor device
includes a first processing unit 11 and a second processing
unit 12 which are performing predetermined processes on a
waler W as shown in FIG. 1.

The first processing unit 11 includes an applying and devel-
oping device 20 and an exposure device 21 which are per-
forming a photolithography on the wafer W.

The applying and developing device 20, as shown 1n FIG.
2, has a structure including a cassette station 30 carrying
in/out the waters W, for example, 25 walers W, into/from the
applying and developing device 20 from outside in a cassette
unit, or carrying in/out the wafters W into/from the cassette C,
a processing station 31 1n which a plurality of various pro-
cessing devices performing predetermined processes during
the photolithography process 1n a single type are arranged in
multiple stages, and an interface station 32 delivering the
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walers W between the processing station 31 and the exposure
device 21 that 1s provided to be adjacent to the processing
station 31, wherein the cassette station 30, the processing
station 31, and the interface station 32 are integrally con-
nected to each other.

In the cassette station 30, a cassette holding stage 33 1s
provided, and a plurality of cassettes C may be freely held in
a row 1n an X-axis direction (up-and-down direction in FIG.
2) by the cassette holding stage 33. In the cassette station 30,
a waler transier body 335 that is capable of moving on a
transier path 34 in the X-axis direction 1s provided. The water
transier body 35 freely moves 1n a direction (Z-axis direction;
vertical direction) 1n which the waters W accommodated in
the cassette C are arranged, and may selectively access the
waler W 1n each of the cassettes C that are arranged 1n the
X-axis direction.

The wafer transfer body 35 may rotate 1n a 0 direction
around a Z-axis, and may access a temperature adjusting
device 70 included 1n a third processing device group G3 at
the processing station 31 side, which will be described later,
or a transition device 71 for delivering the water W.

Theprocessing station 31 adjacent to the cassette station 30
includes, for example, five processing device groups Gl
through G5, in which a plurality of processing devices are
arranged 1n multiple stages. At a negative direction of the
X-axis direction (lower portion of FIG. 2) 1n the processing
station 31, a first processing device group G1 and a second
processing device group G2 are sequentially disposed from
the cassette station 30 side. A third processing device group
(53, a fourth processing device group G4, and a fifth process-
ing device group G5 are sequentially disposed from the cas-
sette station 30 side at a positive direction of the X-axis
direction (upper portion of FIG. 2) of the processing station
31. A first transfer device 36 1s provided between the third
processing device group G3 and the fourth processing device
group G4. The first transfer device 36 may transier the wafer
W by selectively accessing each of processing devices 1n the
first processing device group (1, the third processing device
group G3, and the fourth processing device group G4. A
second transfer device 37 1s provided between the fourth
processing device group G4 and the fifth processing device
group G5. The second transfer device 37 may transfer the
waler W by selectively accessing each of the processing
devices 1n the second processing device group G2, the fourth
processing device group G4, and the fifth processing device
group G3.

As shown 1n FI1G. 3, the first processing device group G1
includes liquid processing devices performing processes by
supplying a predetermined liquid to the water W, for example,
resist application devices 40, 41, and 42 applying a resist
liquid on the watfer W, and bottom coating devices 43 and 44
forming an anti-retlection film for preventing light from being
reflected during an exposure process, which are sequentially
arranged 1n five stages from a lower portion. The second
processing device group G2 includes liquid processing
devices, for example, development processing devices 50
through 54 performing a developing process by supplying a
developing liquid to the wafler W, which are sequentially
arranged 1n five stages from a lower portion. In addition,
chemical chambers 60 and 61 for providing the liquid pro-
cessing devices of the processing device groups G1 and G2
with various processing liquids are respectively provided at
the lowermost stages 1n the first processing device group G1
and the second processing device group G2.

As shown 1n FIG. 4, the third processing device group G3
includes a temperature adjusting device 70, a transition
device 71, high precision temperature adjusting devices 72
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through 74 adjusting a temperature of the wafer W under a
high precision temperature management, and high tempera-
ture heat processing devices 75 through 78 for heating the
waler W to be a high temperature, which are sequentially
stacked 1n nine stages from a lower portion.

The fourth processing device group G4 includes, for
example, a high precision temperature adjusting device 80,
pre-baking devices 81 through 84 (hereinafiter, referred to as
PAB devices) for heating the wafer W on which the resist 1s
applied, and post-baking devices 85 through 89 (heremafter,
referred to as POST devices) heating the water W after the
developing process, which are sequentially stacked in ten
stages from a lower portion.

The fifth processing device group GS includes a plurality of
thermal processing devices for performing a thermal process
on the water W, for example, high precision temperature
adjusting devices 90 through 93, post exposure baking
devices 94 through 99 (hereinafter, referred to as PEB
devices) heating the wafer W after the exposure process,
which are sequentially stacked in ten stages from a lower
portion.

As shown 1 FIG. 2, a plurality of processing devices are
disposed at a positive side of the X-axis direction of the first
transfer device 36, and as shown 1n FIG. 4, adhesion devices
100 and 101 for hydrophobing the water W, and heating
devices 102 and 103 for heating the water W are sequentially
stacked 1n four stages from a lower portion. As shown in FIG.
2, for example, a peripheral exposure device 104 that selec-
tively exposes only an edge portion of the water W 1s disposed
at a positive X-axis direction side of the second transier
device 37.

As shown 1n FI1G. 2, a watler transier device 111 moving on
a transfer path 110 that 1s elongated 1n the X-axis direction as
shown 1n FIG. 2, and a buffer cassette 112 are provided in the
interface station 32. The water transier body 111 may move in
a /-axis direction and may rotate in a 0 direction, and may
transier the waler W by accessing the exposure device 21 that
1s adjacent to the interface station 32, the bufler cassette 112,
and the fifth processing device group GS.

The second processing unit 12, as shown i FIG. 5,
includes a cassette station 200 carrying in/out the water W
into/from the second processing unit 12, a common transier
unit 201 transferring the water W, a trimming device 202, a
film forming device 203, an etching device 204, an ashing
device 205, and an etchung device 206, which perform pre-
determined processes on the waler W, and a pattern size
measuring device 207 for measuring sizes of a pattern of a
sacrificial film or a pattern of a film to be processed on the
waler W. In addition, the predetermined processes performed
by the trimming device 202, the film forming device 203, the
etching device 204, the ashing device 2035, the etching device
206, and the pattern size measuring device 207 will be
described later.

The cassette station 200 includes a transier chamber 211 1n
which a wafer transter mechanism 210 for transierring the
waler W 1s provided. The wafer transier mechanism 210
includes two transierring arms 210aq and 2105 that hold the
waler W 1n a nearly horizontal direction, and the water trans-
fer mechanism 210 transiers the water W while holding the
waler W by using one of the transierring arms 210aq and 2105.
A cassette holding stage 212 on which a cassette C capable of
accommodating a plurality of waters W in parallel with each
other 1s placed 1s provided at a side portion of the transfer
chamber 211. In the example shown 1n FIG. 5, a plurality of
cassettes C may be placed on the cassette holding stage 212.
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The transier chamber 211 and the common transfer unit
201 are connected to each other via two load lock devices
213a and 2135 that are capable of performing vacuum suc-
tion.

The common transier unit 201 includes a transter chamber
214 having a sealable structure, which 1s formed as, for
example, a polygonal shape (hexagonal shape in the present
embodiment) when seen from above. A waler transier mecha-
nism 215 for transferring the water W 1s provided in the
transier chamber 214. The water transfer mechanism 2135
includes two transierring arms 215q and 2155 that hold the
waler W 1n nearly horizontal direction, and transfers the
waler W while holding the water W by using one of the
transferring arms 215a and 2155b.

The trimming device 202, the film forming device 203, the
ctching device 204, the ashing device 205, the etching device
206, the pattern size measuring device 207, and load lock
devices 2136 and 313a above described are arranged on an
outer portion of the transfer chamber 214 to surround the
transier chamber 214, and are arranged 1n the stated order in
a clockwise direction when seen from above.

Next, a configuration of the pattern size measuring device
207 1s described as follows. The pattern size measuring
device 207 measures sizes of patterns formed on the water W
or a water for inspection by using a scatterometry method. In
addition, sizes of the pattern may refer to a line width of a line
portion, a width of a space portion, a side wall angle of the line
portion, and the like 1n the pattern. Also, the water for inspec-
tion denotes a water that 1s used to compensate for processing
conditions of corresponding water W so that a space ratio of
the pattern of a film to be processed on the waler W for
product may be 1:1. In addition, an inspection process of the
waler for inspection 1s performed before performing waier
processes of the waler W. Therefore, the pattern size measur-
ing device 207 mainly measures sizes of patterns on the wafer
for inspection, and heremafiter, the configuration of the pat-
tern size measuring device 207 will be described based on the
waler for inspection. In addition, the pattern size measuring
device 207 can measure sizes of patterns on the water W, of
course.

As shown 1n FIG. 6, a holding stage 230 on which a wafer
T for mspection 1s placed horizontally 1s provided in the
pattern size measuring device 207. The holding stage 230
may be moved, for example, 1n a horizontal direction and 1n a
two-dimensional way. A light irradiation unit 231 for 1rradi-
ating light toward the wafer T for ispection placed on the
holding stage 230 from an inclined direction and a photo
detection umt 232 for detecting light reflected by the wafer T
for inspection after being irradiated from the light 1rradiation
unit 231 1s provided above the holding stage 230.

The light 1rradiated from the light 1rradiation unit 231 1s
reflected by the patterns formed on the water T for inspection
toward the photo detection unit 232. Information of the light
detected by the photo detection unit 232 1s output to a mea-
suring unit 233. The information of the light may include, for
example, a diffraction order of the light, a wavelength of the
light, an incident angle of the light, and the like. The measur-
ing unit 233 may measure a spectrum (light intensity distri-
bution) of the reflected light reflected from the predetermined
patterns formed on the water T for mnspection, based on the
acquired information of the light. In addition, the light irra-
diation unit 231 may be, for example, a Xenon lamp emitting
white light, and the photo detection unit 232 may be, for
example, a charge-coupled device (CCD) camera or the like.
Meanwhile, 1n the present embodiment, the light 1s 1rradiated
in an inclined direction from the light 1rradiation unit 231 and
reflected by the patterns on the water T for mnspection; how-
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ever, the light may be irradiated from the light irradiation unit
231 perpendicularly to the patterns and reflected by the pat-
terns on the water T for imnspection.

The pattern size measuring device 207 may further include,
for example, an mformation processing unit 234 that pro-
cesses information for measuring sizes ol the patterns. The
information processing unit 234 may include, for example, a
calculation unit 235, a memory 236, and an analyzing unit
237.

The calculation unit 2335 calculates information to be
stored 1n a library of the memory 236. In more detail, spec-
trums of reflected light beams that are reflected from a plu-
rality of virtual patterns having different sizes, which are
determined based on acknowledged information, {for
example, such as a shape, sizes of a target, and structure of the
pattern are calculated. In addition, the calculation unit 235
calculates a target space ratio of a momitor pattern formed on
a film to be processed on the water T for mspection, and
calculates a range of space ratios of the virtual patterns
included in the library.

In addition, as shown 1n FIG. 7, a monitor pattern 208
tormed on the film to be processed on the water T for inspec-
tion 1s a pattern including a plurality of lines, and includes line
portions 409q and 4095 and space portions 410a and 4105. In
addition, the above described space ratio 1s a ratio between a
width D, of the first space portion 410a between the line
portions 409a and 4095 and a width D, of the second space
portion 41056 between the line portions 4095 and 409q 1n the
monitor pattern 408. In addition, in the present embodiment,
a gate oxide film 1s formed under the film to be processed.

Next, a method of determining the target space ratio of the
monitor pattern 408 by using the calculation unit 235 will be
described. The space ratio of the monitor pattern 408 1s deter-
mined to be different from 1:1 1n order to prevent toggling that
occurs conventionally. However, 11 the target space ratio 1s
largely different from 1:1, there 1s no relevance between the
processes performed on the water T for mspection and pro-
cesses performed on the water W. That 1s, 1n this case, even if
the processing conditions of the water W are compensated for
based on the monitor pattern 408 formed on the water T for
inspection, the corresponding processing conditions may not
be appropriately compensated, and the pattern of the film to
be processed on the water W may not be formed to have a
space ratio of 1:1.

Thus, the present inventors researched about an appropri-
ate target space ratio of the momitor pattern 408, and thus, 1t 1s
recognized that the target space ratio may be determined
based on reproducibility of a distance between a center of the
line portion 409q and a center of the line portion 4095 (here-
inafter, referred to as ‘distance reproducibility’) and repro-
ducibility of sizes of the line portions 409 (heremafter,
referred to as ‘size reproducibility’). In more detail, it 1s
recognized that the target space ratio of the monitor pattern
208 1s appropriate when the distance reproducibility 1s 1.0 nm
or less and the size reproducibility 1s 0.2 nm or less. That 1s,
in this case, the processes performed on the water T for
inspection and the processes performed on the waler W are
highly correlated with each other, and the processing condi-
tions of the waler W may be appropriately compensated for
based on the monitor pattern 408 formed on the water T for
ispection. In addition, reproducibility denotes a deviation
degree (3v) of each parameter. In addition, sizes of the line
portions 409 may be, for example, a line width of an upper end
of the line portion 409, a line width of a lower end of the line
portion 409, a height from the surface of the water W to the
upper end of the line portion 409 (height between the line
portion 409 and the gate oxide film), and the like.
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The target space ratio of the monitor pattern 408 1s deter-
mined by performing a simulation so as to satisiy conditions
of the distance reproducibility and the size reproducibility.
FIGS. 8 through 10 show examples of simulation results.

FIG. 8 shows a result of a simulation when forming the
monitor pattern 408 in which each of the line portions has a
line width of 30 nm, on the water T for mspection. In this
simulation, the space ratio of the monitor pattern 408 varies
from 1:1 to 1:10. In addition, a height of the film to be

processed (a polysilicon {ilm) on the water W 1s 94 nm, and a
height of the gate oxide film 1s 2 nm. In FIG. 8, Air CD ratio

on a transverse axis denotes the space ratio of the monitor
pattern 408 (here, Air CD means a space or a space width). In
addition, in the example shown 1n F1G. 8, when the space ratio
1s 1:1, the Air CD ratio 1s 1, and when the space ratio 1s 1:10,
the Air CD ratio 1s 10. In FIG. 8, Offset Precision of a first
longitudinal axis denotes the distance reproducibility. Also,

in FI1G. 8, TCD/BCD/Ht Precision of a second longitudinal
ax1is denotes the size reproducibility. That 1s, TCD (Top CD)
denotes a line width of an upper end of the line portion 409,
BCD (Bottom CD) denotes a line width of a lower end of the
line portion 409, and Ht (Height) denotes a height from the
surface ol the water W to the upper end of the line portion 409.

Referring to FIG. 8, the Air CD ratio where the distance
reproducibility 1s equal to 1.0 nm or less and the size repro-
ducibility 1s equal to 0.2 nm or less 1s equal to 1.1 or greater,
and more preferably, 10 or less. Therefore, the target space
ratio of the monitor pattern 408 1s determined within a range
of 1:1.1 to 1:10.

FIGS. 9 and 10 show results of simulation that 1s the same
as that of F1G. 8, except that line widths of the line portion 409
ol the monitor pattern 408 are respectively 20 nm and 135 nm.
Referring to FIGS. 9 and 10, the Air CD ratio where the
distance reproducibility 1s 1.0 nm or less and the size repro-
ducibility 1s 0.2 nm or less 1s 1.1 or greater in any case.
Theretore, the target space ratio of the monitor pattern 408 1s
determined within a range of 1:1.1 or greater.

Next, a method of determining a range of space ratios of
virtual patterns used 1n the library of the memory 236 by using
the calculation unit 235 will be described as follows. As
shown 1n FIG. 11, a range of the space ratios (diagonal line
portion 1n FIG. 11) of the virtual patterns 1n the library L
includes the above described target space ratio of the monitor
pattern 408, but does not include the space ratio of 1:1. That
1s, the library L includes a spectrum E of a virtual pattern
having the target space ratio. Also, the library L. does not
include a space ratio that 1s located 1 a point symmetric
position with the space ratio 1:1, but only include spectrums
having different space ratio distribution. Therefore, the tog-
gling that occurs conventionally can be prevented by using
this library L.

The memory 236 stores each of calculated spectrums with
respect to the virtual patterns calculated by the calculation
unmt 235 to generate the library L.

The spectrum about the actual monitor pattern 408 on the
waler T for inspection measured by the measuring unit 233 1s
output to the analyzing unit 237. The analyzing unmt 237
combines the spectrum of the momtor pattern 408 output
from the measuring unit 233 and the spectrum of the virtual
pattern stored in the library L of the memory 236 to select a
virtual pattern that 1s suitable for the spectrum. In addition,
s1zes of the virtual pattern are estimated as sizes of the moni-
tor pattern 408, and the sizes of the monitor pattern 408 are
measured. The measuring result of the sizes of the pattern 1s
output to, for example, a controlling device 300 that will be
described later.
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Next, the controlling device 300 will be described. The
controlling device 300 1s configured by a universal computer
including, for example, a CPU or a memory.

As shown 1n FIG. 12, the controlling device 300 includes
an iput unit 301 to which the size measuring result 1s input
from the s1ze measuring device 207, a data storage unit 302 1n
which various information M required to calculate the pro-
cessing conditions of the first processing unit 11 or the second
processing unit 12 1s stored based on the size measuring
result, a program storage unit 303 1n which a program P for
calculating the processing conditions of the first processing
unit 11 or the second processing unit 12 1s stored, a calcula-
tion unit 304 executing the program P for calculating the
processing conditions, and an output unit 305 outputting the
calculated processing conditions to the first processing unit
11 or the second processing unit 12.

The data storage unit 302 stores a regression equation for
converting the sizes of the monitor pattern 408 having the
target space ratio into a pattern of a film to be processed
having a space ratio of 1:1, wherein the regression equation 1s
calculated in advance. When calculating the regression equa-
tion, sizes of the pattern of the film to be processed having the
space ratio of 1:1 are measured by using a CD-SEM. Mean-
while, the sizes of the monitor pattern 408 having the target
space ratio are measured by using the scatterometry method.
Then, after identitying that the sizes of the pattern of the film
to be processed having the space ratio of 1:1 and the sizes of
the monitor pattern 408 having the target space ratio are
highly correlated with each other, the above regression equa-
tion 1s calculated.

In addition, the data storage unit 302 stores data represent-
ing correlation M between the processing conditions of the
first processing unit 11 or the second processing umt 12 and
the sizes of the pattern of the film to be processed.

Also, the program P for executing functions of the control-
ling device 300 1s recorded 1n a computer-readable recording
medium, for example, a computer readable hard disk (HD), a
tflexible disk (FD), acompact disk (CD), amagnet optical disk
(MO), and a memory card, and may be 1nstalled in the con-
trolling device 300 from the recording medium.

Next, processes of the water W for product in the system 1
for manufacturing the semiconductor device, which 1s con-
figured as described above, will be described with an inspec-
tion process of the water T for inspection. FIG. 13 shows the
ispection process of the waler T for inspection, waler pro-
cesses of the water W, and main flow of processes. In addi-
tion, FIGS. 14 and 15 respectively show states of the water T
for mspection and the water W 1n each of the processes. In
addition, sizes of the films or patterns on the water T for
inspection and the water W in FIGS. 14 and 15 do not nec-
essarily correspond to actual sizes for the sake of comprehen-
S1011.

First, in order to compensate for processing conditions of
the water W 1n the system 1 for manufacturing the semicon-
ductor device, a series of processes are performed on the
waler T for inspection. In addition, a gate oxide film 400 and
a 11lm to be processed 401 are sequentially formed on the
waler T for inspection i advance, as shown 1n FIG. 14A.

Here, the target space ratio of the monitor pattern 408
formed on the film to be processed 401 of the wafter T for
ispection 1s determined by the calculation unit 235 of the
above described pattern size measuring device 207 in advance
(operation S1 of FIG. 13). In the present embodiment, the
target space ratio 1s determined as, for example, 1.6:0.4 as
shown 1in FI1G. 11. In addition, arange of the space ratios of the
library L of the pattern size measuring device 207 1s deter-
mined 1n advance as the range shown in FIG. 11. Based on the
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range of the space ratios 1n the library L, the calculation unit
235 calculates spectrum of the virtual patterns. In addition,
the memory 236 stores the spectrum calculated by the calcu-
lation unit 235, so as to generate the library L (operation S2 of
FIG. 13).

The water T for mspection 1s transierred to the applying
and developing device 20 of the first processing unit 11. Inthe
applying and developing device 20, a sheet of waler T for
ispection 1s extracted from the cassette C on the cassette
holding stage 33 by the waler transier body 33, and then 1s
transierred to the temperature adjusting device 70 of the third
processing device group G3. The water T for inspection trans-
terred to the temperature adjusting device 70 1s adjusted to a
predetermined temperature. After that, the water T for inspec-
tion 1s transierred to the bottom coating device 43 by the first
transier device 36, and as shown 1n FIG. 14 A, an anti-reflec-
tion f1lm 402 1s formed on the film to be processed 401 on the
waler T for mspection. The water T for mmspection on which
the anti-reflection film 402 1s formed 1s transferred to the
heating device 102, the high temperature thermal processing
device 75, and the high precision temperature adjusting
device 80 by the first transier device 36 1n the stated order so
that predetermined processes may be performed 1n each of the
devices. After that, the water T for inspection 1s transferred to
t
t

ne resist applying device 40 so that a resist film 1s formed on
ne water T for mspection.

When the resist film 1s formed on the water T for inspection
in the resist applying device 40, the water T for inspection 1s
transierred to the PAB device 81 by the first transfer device
36, and continuously transierred to the peripheral exposure
device 104 and the high precision temperature adjusting
device 93 by the second transier device 37 so that predeter-
mined processes may be performed in each of the devices.
After that, the waler T for mspection 1s transierred to the
exposure device 21 by the waler transfer body 111 of the
interface station 32 so that a predetermined pattern can be
exposed on the resist film on the water T for inspection. The
waler T for inspection on which the exposure process has
been finished 1s transierred to the PEB device 94 by the water
transier body 111, and then a heating process of the water T
for inspection 1s performed.

When the thermal process 1in the PEB device 94 1s finished,
the water T for inspection 1s transferred to the high precision
temperature adjusting device 91 by the second transfer device
37 so as to adjust the temperature of the water T. After that, the
waler T for inspection 1s transierred to the development pro-
cessing device 50 so that a developing process 1s performed
on the water T for imnspection, and a pattern 1s formed on the
resist {ilm. Then, the water T for inspection 1s transierred to
the POST device 85 by the second transier device 37 so that
a heating process 1s performed on the water T for inspection,
and then, 1s transierred to the high precision temperature
adjusting device 93 so that the temperature of the water T may
be adjusted. After that, the water T for inspection 1s trans-
ferred to the transition device 71 by the first transfer device
36, and then 1s returned to the cassette C by the waler transier
body 35. Then, a series of photography processes are finished.
As such, as shown 1n FIG. 14 A, a resist pattern 403 including
a plurality of lines 1s formed on the water T for inspection
(operation S3 of FIG. 13).

When the resist pattern 403 1s formed on the water T for
ispection in the first processing unit 11, the cassette C
accommodating the corresponding water T for inspection 1s
carried out of the applying and developing device 20, and
then, carried 1n the second processing unit 12.

In the second processing unit 12, one water T for inspection
1s extracted from the cassette C on the cassette holding stage
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212 by the water transfer mechanism 210, and then 1s carried
in the load lock device 213a. When the water T for inspection
1s carried 1n the load lock device 213a, the load lock device
213a 1s sealed and depressurized. Then, inside of the load
lock device 2134a and 1nside of the transfer chamber 214 that
1s 1n a depressurized state with respect to the atmospheric
pressure (for example, nearly vacuum state) communicate
with each other. In addition, the wafer T for inspection 1s
carried out of the load lock device 213a by the water transter
mechanism 215, and then, carried in the transter chamber
214.

The water T for mspection that 1s carried 1n the transier
chamber 214 is carried in the trimming device 202 by the
waler transier mechanism 215. As shown in FIG. 14B, 1n the
trimming device 202, the resist pattern 403 formed on the
waler T for inspection 1s trimmed such that line widths of the
pattern may be reduced. In addition, at the same time, the
anti-reflection film 402 on the water T for inspection 1s etched
by using the resist pattern 403 as a mask (operation S4 of FIG.
13). Also, the trimming of the resist pattern 403 and the
ctching of the anti-reflection film 402 may be performed
through a plasma etching process using, for example, oxygen
plasma.

After that, the water T for inspection 1s returned to the
transier chamber 214 by the water transfer mechanism 2135,
and 1s carried in the film forming device 203. In the film
forming device 203, a sacrificial film 404 1s formed on the
resist pattern 204 as shown 1n FIG. 14C by, for example, a
chemical vapor deposition (CVD) method (operation S5 of
FIG. 13). In addition, the sacrificial film 404 1s a film func-
tioming as a mask when the film to be processed 401 1s etched,
for example, may be a S10,, film.

After that, the water T for inspection i1s returned to the
transier chamber 214 by the water transfer mechanism 215,
and 1s carried 1n the etching device 204. In the etching device
204, as shown 1n FIG. 14D, the sacrificial film 404 1s etched
until the sacrificial film 404 remains only on side wall por-
tions of the line portions 1n the resist pattern 403 (operation S6
of FIG. 13). In addition, this etching process 1s performed by
using, for example, a mixture gas of a CF-based gas such as
CF,, C,F,, CHF;, CH,F, CH,F, and an Ar gas, a gas formed
by adding oxygen to the mixture gas, or the like.

Then, the wafer T for inspection 1s returned to the transier
chamber 214 by the watfer transfer mechanism 215, and 1s
carried in the ashing device 205. In the ashing device 2035, the
resist pattern 403 and the anti-reflection film 402 are removed
by an ashing or the like using, for example, oxygen plasma, as
shown 1n FIG. 14D. In addition, a sacrificial {ilm pattern 405
1s formed on the film to be processed 401 (operation S7 of
FIG. 13). Here, the sacrificial film pattern 405 includes a
plurality of lines including line portions 406a and 4065 and
space portions 407a and 4075b. A first space portion 407a 1s a
space formed between the line portions 406a and 4065, and 1s
formed by removing the resist pattern 403. A second space
portion 4075 1s a space formed between the line portions 4065
and 4064, and 1s formed between two adjacent resist patterns
403 and 403.

After that, the wafer T for inspection 1s returned to the
transier chamber 214 by the water transfer mechanism 2185,
and 1s carried 1n the etching device 206. In the etching device
206, the film to be processed 401 i1s etched by using the
sacrificial film pattern 405 as a mask. In addition, the sacri-
ficial film pattern 405 1s removed, and as shown 1n FIG. 14FE,
the monitor pattern 408 of the film to be processed 401 1s
formed on the water T for inspection (operation S8 of FIG.
13). Here, the gate oxide film 400 under the film to be pro-
cessed 401 1s also etched. In addition, the etching process 1s
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performed by using, for example, an HBr gas. In addition, the
monitor pattern 408 1s a second monitor pattern in the present
embodiment.

Then, the water T for inspection 1s returned to the transfer
chamber 214 by the water transfer mechanism 215, and 1s
carried 1n the pattern size measuring device 207. In the pattern
s1ize measuring device 207, the waler T for inspection 1s
placed on the holding stage 230 first. Next, the light irradia-
tion unit 231 1rradiates light onto the monitor pattern 408 of

the film to be processed on the waler T for inspection, and
reflected light 1s detected by the photo detecting unit 232. In
addition, the measuring unit 323 measures a spectrum of the
monitor pattern 408. The spectrum 1s output to the informa-
tion processing unit 234. In the information processing unit
234, spectrums with respect to a plurality of virtual patterns
are calculated 1n advance by the calculation unit 235 as
described above, and the memory 236 stores the spectrums of
the virtual patterns and generates the library L. In addition,
the analyzing unit 237 compares the spectrum of the actual
monitor pattern 408 measured by the measuring unit 323 with
the spectrums of the virtual patterns included in the library L.
In addition, the pattern shape having a suitable spectrum 1n
the library L 1s estimated as the monitor pattern 408. As such,
s1zes o1 the monitor pattern 408 are measured (operation S9 of
FIG. 13). Results of measuring the sizes of the monitor pat-
tern 408 are output to the controlling device 300.

In the controlling device 300, the calculation unit 304
converts the measuring results of the sizes of the monitor
pattern 408 into sizes of a pattern of the film to be processed,
a space ratio of which 1s aimed to be 1:1, by using a regression
equation stored 1n the data storage unit 302 (operation S10 of
FIG. 13).

Also, the calculation unit 304 compensates for the process-
ing conditions of the first processing unit 11 or the second
processing unit 12 by using the correlation M stored in the
data storage unit 302 and the program P stored 1n the program
storage unit 303, based on the converted sizes of the pattern of
the film to be processed (operation S11 of FIG. 13). In the
present embodiment, processing conditions 1n the trimming
device 202 are compensated based on a difference between a
width D, of the first space portion and a width D, of the
second space portion 1n the converted pattern of the film to be
processed. In more detail, if the width D, of the first space
portion 1s greater than the width D, for example, the process-
ing time 1n the timming device 202 1s increased. On the other
hand, 1f the width D, of the first space portion 1s less than the
width D, the processing time 1n the trimming device 202 1s
reduced.

The compensated processing conditions are output from
the output unit 305 to the trimming device 202. In addition,
the processing conditions of the trimming device 202 are
ted-back controlled. As such, a series of inspection processes
(operations S1 through S11 of FIG. 13) performed on the
waler T for imspection are finished.

Next, a series ol waler processes are performed on the

waler W for product. In addition, a gate oxide film 500 and a
f1lm to be processed 501 are sequentially formed on the wafer
W from a lower portion, as shown 1n FIG. 15A.
The water W 1s carried 1n the first processing unit 11 so that
a photolithography process i1s performed. In addition, as
shown 1n FIG. 15A, an anti-reflection film 502 and a resist
pattern 303 are formed on the film to be processed 501 on the
waler W (operation S12 of FIG. 13). The photolithography
process 1s the same as the process performed on the water T
for mspection 1 the above described operation S3, and
detailed descriptions thereof are omitted.
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After that, the water W 1s transferred to the second pro-
cessing unit 12. First, 1n the trimming device 202, the resist
pattern 503 on the wafer W 1s trimmed as shown 1n FIG. 15B,
and the anti-reflection film 502 1s etched. The processing
conditions at this time are the processing conditions that are
compensated for in the above described operation S11 (opera-
tion S13 of FIG. 13). After that, in the film forming device
203, a sacrificial film 504 1s formed on the resist pattern 503
as shown 1n FIG. 15C (operation S14 of FIG. 13).

Then, as shown 1n FIG. 15D, the sacrificial film 504 1s
ctched 1n the etching device 504 (operation S15 of FIG. 13),
and the resist pattern 503 and the anti-retlection film 502 are
removed 1n the ashing device 205 to form a pattern 305 of the
sacrificial film 1s formed on the film to be processed 501
(operation S16 of F1G. 13). In addition, the pattern 505 of the
sacrificial film includes a plurality of lines including line
portions 506a and 5065 and space portions 507a and 507b. A
first space portion 507a 1s a space formed between the line
portions 506a and 5065, and 1s formed by removing the resist
pattern 503. A second space portion 5075 1s a space formed
between the line portions 5065 and 506a, and i1s formed
between two adjacent resist patterns 303 and 3503.

After that, the film to be processed 501 1s etched by using
the pattern 505 of the sacrificial film as a mask 1n the etching,
device 206, and thus, a pattern 308 of the film to be processed
1s formed on the water W as shown in FIG. 15E (operation
S17 of FIG. 13). The pattern 508 of the film to be processed
has a space ratio of 1:1, and 1s formed to have predetermined
s1zes. In addition, the pattern 508 of the film to be processed
includes a plurality of lines including line portions 509a and
5096 and space portions 510a and 51054.

In addition, since processes of operations S13 through S17
with respect to the waler W are the same as the processes in
operations S4 through S8 with respect to the wafer T for
inspection, detailed descriptions are omitted. As such, a series
of water processes (operations S12 through S17 of FIG. 13)
performed on the waler W are fimished.

According to the present embodiment, a predetermined
process 1s performed on the watfer T for inspection to form the
monitor pattern 408 on the film to be processed 401, and then,
the si1zes of the monitor pattern 408 are measured by using the
scatterometry method. Here, the target space ratio of the
monitor pattern 408 1s different from a ratio of 1:1. In addi-
tion, a range of space ratios 1n the library L that 1s used in the
scatterometry method when measuring the sizes of the moni-
tor pattern 408 includes the target space ratio, but does not
include the space ratio of 1:1. That 1s, the library L does not
include a space ratio that i1s located at a point symmetric
location with the space ratio 1:1, but include the other spec-
trums. Therefore, according to the present embodiment, the
sizes of the monitor pattern 408 can be measured exactly
without generating a toggling like 1n the conventional art.
After that, the measured sizes of the momitor pattern 408 are
converted into sizes of the pattern of the film to be processed.,
the space ratio of which 1s aimed to be 1:1, by using the
regression equation that 1s stored 1n advance so as to compen-
sate for the processing conditions of predetermined pro-
cesses. Therefore, the predetermined processes are per-
formed on the water W with the compensated processing
conditions, and thus the pattern 508 of the film to be pro-
cessed on the waler W may be formed to have the space ratio
of 1:1 and to have predetermined sizes appropriately.

In addition, the target space ratio of the monitor pattern 408
1s determined to be a ratio where the distance reproducibility
1s 1.0 nm or less and the size reproducibility 1s 0.2 nm or less.
Therefore, the target space ratio of the monitor pattern 408
becomes appropriate 1n view of precision of measurement. In
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addition, since the processes are performed after identifying
that the processes performed on the wafer T for inspection
and the processes performed on the water W are highly cor-
related, the processing conditions of the water W may be
appropriately compensated for based on the monitor pattern
408 formed on the water T for inspection.

In the above embodiment, 1n the operation S11, the pro-
cessing conditions in the trimming device 202 are compen-
sated for based on the sizes of the monitor pattern 408 on the
waler T for inspection; however, processing conditions of the
first processing unit 11 may be compensated for. In this case,
the s1zes of the monitor pattern 408 are converted 1nto sizes of
the pattern of the film to be processed, the space ratio of which
1s aimed to be 1:1, and processing conditions of, for example,
the exposure device 21 are compensated based on the ditfer-
ence between the width D, of the first space portion and the
width D, of the second space portion in the converted pattern
of the film to be processed. For example, 11 the width D, ofthe
first space portion 1s greater than the width D, the exposure
amount 1s increased, and when the width D, of the first space
portion 1s less than the width D,, the exposure amount 1s
reduced. In the present embodiment, the processing condi-
tions of the water W are appropriately compensated, and the
pattern 508 of the film to be processed on the corresponding
waler W may be formed to have the space ratio of 1:1 and
predetermined sizes. In addition, since the exposure amount
may be changed at every shot, the pattern 508 of the film to be
processed can be formed to have predetermined sizes even
when the line width of the upper end or the lower end of the
monitor pattern 408 on the water T for inspection may vary.

Also, 1n this case, instead of the processing conditions 1n
the exposure device 21, processing conditions of the thermal
process performed 1n the applying and developing device 20
can be compensated for, and 1n particular, a heating tempera-
ture of the water W 1n the PEB devices 94 through 99 can be
compensated for. In this case, since the processing conditions
of the water W are appropriately compensated for, the pattern
508 of the film to be processed on the corresponding water W
can be appropriately formed to have the spaceratio of 1:1 and
the predetermined sizes. In addition, since the heating tem-
perature can be compensated for at every region 1n the water
surface, the pattern 508 of the film to be processed can be
formed to have predetermined sizes even when the line width
of the upper end or the lower end of the monitor pattern 408
on the water T for ispection may vary. In addition, the
processing conditions ol different thermal processes per-
formed in the applying and developing device 20, for
example, the heating temperatures of the water W 1n the PAB
devices 81 through 84 and in the POST devices 85 through 89
can be compensated for.

Also, 1n the above described operation S11, processing
conditions 1n the film forming device 203 may be compen-
sated for based on the sizes of the monitor pattern 408 on the
waler T for inspection. In this case, for example, the sizes of
the monitor pattern 408 are converted into the sizes of the
pattern of the film to be processed, the space ratio of which 1s
aimed to be 1:1, and processing time 1n the film forming
device 203 1s compensated for based on the line width of the
line portion 1n the converted pattern of the film to be pro-
cessed. For example, 1f the line width of the line portion in the
pattern of the film to be processed 1s large, the processing time
1s reduced, and if the line width of the line portion 1s small, the
processing time 1s increased. As such, the processing condi-
tions of the water W can be appropriately compensated for,
and thus, the pattern 508 of the film to be processed on the
waler W can be appropriately formed to have the space ratio
of 1:1 and the predetermined sizes.
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Also, 1n this case, 1nstead of the processing conditions of
the film forming device 203, processing conditions 1n the
ctching device 206, for example, the processing time, can be
compensated for. For example, 1f the line width of the line
portion 1n the pattern of the film to be processed 1s large, the
processing time 1s increased, and 11 the line width of the line
portion 1s small, the processing time is reduced. As such, the
processing conditions of the waler W can be appropriately
compensated for, and thus, the pattern 508 of the film to be
processed on the waler W can be appropriately formed to
have the space ratio of 1:1 and the predetermined sizes.

In the above embodiment, the pattern formed on the film to
be processed 401 of the water T for inspection 1s the monitor
pattern 408; however, the pattern 405 of the sacrificial film on
the wafer T for inspection may be used as the monitor pattern
(hereinaftter, referred to as ‘monitor pattern 405”). In addition,
the monitor pattern 405 1s a first monitor pattern 1n the present
invention.

Also, the target space ratio of the monitor pattern 405 1s
determined by the calculation unit 235 of the pattern size
measuring device 207. The target space ratio 1s determined
based on the distance reproducibility (1.0 nm or less) and the
s1ze reproducibility (0.2 nm or less), and 1s determined 1n the
same method as the operation (operation S1) of determining
the target space ratio of the monitor pattern 408 formed on the
film to be processed 401. Thus, detailed descriptions of the
determination method are not provided.

In the present embodiment, the processing conditions of
the trimming device 202 are compensated for based on the
s1zes of the monitor pattern 405 on the water T for inspection,
in the operation S11 described above. The compensation of
the processing conditions in the trimming device 202 are the
same as the compensation based on the monitor pattern 408 1n
the above described operation S11, and thus detailed descrip-
tions are omitted there.

Also, 1n this case, mstead of the processing conditions 1n
the trimming device 202, the processing conditions of the first
processing unit 11 can be compensated for. The processing,
conditions that are to be compensated for may be, for
example, the processing condition (exposure amount) of the

exposure device 21, the processing condition (heating tem-
perature) 1n the PEB devices 94 through 99, the PAB devices

81 through 84, and the POST devices 85 through 89, or the
like, like the compensation based on the monitor pattern 408.
Also, 1n this case, mstead of the processing conditions 1n
the timming device 202 or the processing conditions 1n the
first processing unit 11, the processing conditions 1n the film
forming device 203 can be compensated for. The processing
conditions that are to be compensated for may be, for
example, the processing time of the film forming device 203,
like the compensation based on the monitor pattern 408.

In addition, the processing condition compensated based
on the monitor pattern 405 may be the processing condition 1in
the etching device 206, for example, the processing time.
Accordingly, the processing condition 1n the etching device
206 1s feed-forward controlled. In this case, for example, the
s1zes of the monitor pattern 405 are converted 1nto sizes of the
sacrificial film pattern, the space ratio of which 1s aimed to be
1:1, and the processing time 1n the etching device 206 can be
compensated for based on a difference between a width D, of
a first space portion and a width D, of a second space portion
in a converted pattern of the sacrificial film pattern.

As described above, various processing conditions 1n the
waler processes can be compensated for based on the monitor
pattern 405 of the sacrificial film on the watfer T for 1nspec-
tion. In any case, the processing conditions of the water W can
be appropriately compensated for, the pattern 508 of the film
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to be processed on the water W can be appropriately formed
to have the space ratio of 1:1 and the predetermined sizes.

The method of manufacturing the semiconductor device
(operations S1 through S17) according to the above embodi-
ment can be applied to a case where a ratio between the line
width of the line portion 509 and the width of the space
portion 510 1n the pattern 508 of the film to be processed 1s
arbitrary, as shown in FIGS. 16 A and 16B. FIG. 16 A shows a
case where the ratio between the line width of the line portion
509 and the width of the space portion 510 i1s, for example,
1:1, and FIG. 16B shows a case where the ratio between the
line width of the line portion 509 and the width of the space
portion 510 1s, for example, 1:3. As described above, when
the pattern 508 of the film to be processed, which has the
space ratio of 1:1, 1s formed on the water W regardless of the
ratio between the line width of the line portion 509 and the
width of the space portion 510, toggling occurs convention-
ally. According to the manufacturing method of the present
invention, even in the above case, the pattern 508 of the film
to be processed on the water W can be formed appropnately
to have the space ratio of 1:1 and the predetermined sizes. In
addition, the ratio between the line width of the line portion
509 and the width of the space portion 510 of the correspond-
ing pattern 508 of the film to be processed 1s not regarded.

In the above described embodiments, the trimming device
202, the film forming device 203, the etching device 204, the
ashing device 205, and the etching device 206 are provided 1n
the second processing unit 12; however, the above elements
may be independently provided from each other.

While this mvention has been particularly shown and
described with reference to exemplary embodiments thereot,
it will be understood by those skilled 1n the art that various
changes in form and details may be made therein without
departing from the spirit and scope of the imnvention as defined
by the appended claims. The present invention 1s not limited
to the above embodiments, but may adopt various embodi-
ments. The present invention may be applied to a case where
a predetermined pattern 1s formed on the wafer by using a
different kind of a film, for example, a predetermined pattern
1s formed on an oxide film as a {ilm to be processed by using
a SiIN film as a hard mask. Also, the present invention can be
applied to other processes except for the SWT method, for
example, a double-patterming process and a double-exposure
process such as a LELE method and LLE method. In addition,
the present mvention can be applied to a case where the
substrate 1s a flat panel display (FPD), a mask reticle for
photomask, and the like, besides the wafer.

INDUSTRIAL APPLICABILITY

The present mvention 1s advantageous i view of, for
example, manufacturing a semiconductor device by forming
a predetermined pattern on a film to be processed on a sub-
strate such as a semiconductor wafer.

LIST OF REFERENCE NUMERALS

1: system for manufacturing semiconductor device
11: first processing unit

12: second processing unit

20: applying and developing device

21: exposure device

81~84: PAB device

85~89: POST device

94-99: PEB device

202: trimming device

203: film forming device
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204: etching device
2035: ashing device
206: ctching device
207: pattern size measuring device

300:
401:
402:

403:

controlling device
film to be processed
anti-reflection film
resist pattern

404: sacrificial film

403: pattern of sacrificial film (monitor pattern)

406a, 406b: line portion

407a, 407b: space portion

408: pattern of a film to be processed (monitor pattern)

409a, 4095: line portion

410a, 4105b: space portion

501: film to be processed

502: anti-retlection film

503: resist pattern

504: sacrificial film

5035: pattern of sacrificial film

5064, 506b: line portion

507a, 507b: space portion

508: pattern of a film to be processed

5094, 509b: line portion

510a, 510b: space portion

L: library

T: water for inspection

W: waler

The mvention claimed 1s:

1. A method of manufacturing a semiconductor device by
performing predetermined processes on a substrate to form a
pattern including line portions and space portions and having
a spaceratio of 1:1 between a width of a first space portion and
a width of a second space portion that 1s adjacent to the first
space portion on a {ilm to be processed on the substrate,

wherein the predetermined processes include:

forming a resist pattern formed as a plurality of lines on the

film to be processed on the substrate, by performing a
photolithography process on the substrate;

trimming the resist pattern;

forming a sacrificial film that 1s a mask used when etching,

the film to be processed on the resist pattern;

forming process of forming a pattern of the sacrificial film

on the film to be processed on the substrate, wherein the
pattern comprises a plurality of lines, by etching the
sacrificial film so as to have the sacrificial film remain
only on side wall portions of line portions of the resist
pattern, and by removing the resist pattern;

forming a pattern of the film to be processed including a

plurality of lines on the film to be processed, by etching
the film to be processed by using the sacrificial film
pattern as a mask;
forming a first monitor pattern which 1s formed on a sac-
rificial film of a substrate for inspection 1n the forming of
the sacrificial film pattern and forming a second monitor
pattern which 1s formed on a film to be processed on the
substrate for mnspection in the forming of the film to be
processed pattern by performing predetermined pro-
cesses on the substrate for ispection, wherein target
space ratios of the first and second monitor patterns are
different from a ratio o1 1:1;

measuring sizes ol the first monitor pattern or the second
monitor pattern, 1n a scatterometry method by using a
library including sacrificial film patterns or patterns of
the film to be processed, wherein a range of space ratios
of the library includes the target space ratio and does not
include the space ratio of 1:1;
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converting the sizes of the first or second monitor pattern,
which are measured through the measuring of sizes of
the first or second monitor pattern, into sizes of a sacri-
ficial film pattern or a pattern of a film to be processed, a
space ratio of which 1s aimed to be 1:1, by using a
regression equation for converting the sizes of the first
monitor pattern or the second monitor pattern having the
target space ratio 1nto sizes of a sacrificial {ilm pattern or
a pattern of a film to be processed having a space ratio of
1:1;

compensating for processing conditions in the predeter-
mined processes, based onthe sizes of the sacrificial film
pattern or the pattern of the film to be processed con-
verted 1n the converting of the sizes of the first or second
monitor pattern; and

forming a pattern having a space ratio of 1:1 on the film to

be processed on the substrate, by performing the prede-
termined processes on the substrate under the compen-
sated processing conditions.

2. The method of claim 1, wherein the target space ratio of
the first momtor pattern or the second momitor pattern 1s
determined based on a reproducibility of a distance between
a center of a line portion and a center of a neighboring line
portion and a reproducibility of sizes of the line portion 1n the
first monitor pattern or 1n the second monitor pattern.

3. The method of claim 2, wherein the target space ratio of
the first monitor pattern or the second monitor pattern 1s
determined so that the reproducibility of the distance 1s 1.0
nm or less and the reproducibility of the size 1s 0.2 nm or less.

4. The method of claim 1, wherein 1n the trimming, the
resist pattern 1s trimmed, and at the same time, an anti-reflec-
tion film formed between the film to be processed of the
substrate and the resist pattern 1s etched by using the resist
pattern as a mask.

5. The method of claim 1, wherein in the compensating for
processing condition, processing conditions of the trimming
are compensated for based on a difference between a width of
a first space portion and a width of a second space portion 1n
the converted sacrificial film pattern or the converted pattern
of the film to be processed in the converting of the sizes.

6. The method of claim 1, wherein 1n the compensating for
processing condition, processing conditions of the forming of
the resist pattern are compensated for based on a difference
between a width of a first space portion and a width of a
second space portion in the converted sacrificial film pattern
or the converted pattern of the film to be processed in the
converting of the sizes.

7. The method of claim 6, wherein the processing condition
compensated 1n the forming of the resist pattern 1s a process-
ing condition of an exposure process in the photolithography
Process.

8. The method of claim 6, wherein the processing condition
compensated 1n the forming of the resist pattern 1s a process-
ing condition of a thermal process in the photolithography
pProcess.

9. The method of claim 8, wherein the thermal process 1s a
heating process performed after the exposure process and
before a developing process.

10. The method of claim 1, wherein 1n the compensating
for processing condition, a processing condition of the form-
ing of the sacrificial film 1s compensated for based on a line
width of the line portion in the converted sacrificial film
pattern or the converted pattern of the film to be processed in
the converting of the sizes.

11. The method of claim 1, wherein 1n the compensating
for processing condition, a processing condition of the form-
ing of the film to be processed pattern 1s compensated for
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based on a line width of the line portion in the converted
pattern of the film to be processed 1n the ratio converting of
the sizes.

12. The method of claim 1, wherein 1n the compensating
for processing condition, a processing condition of the form-
ing of the film to be processed pattern 1s compensated for
based on a difference between a width of a first space portion
and a width of a second space portion 1n the converted sacri-
ficial film pattern in the converting of the sizes.

13. A method of manufacturing a semiconductor device by
performing predetermined processes on a substrate to form a
pattern including line portions and space portions and having,
a spaceratio of 1:1 between a width of a first space portion and
a width of a second space portion that 1s adjacent to the first
space portion on a film to be processed on the substrate, the
method comprising:

forming a monitor pattern, a target space ratio of which 1s
different from a ratio of 1:1, by performing the prede-
termined processes on a substrate for inspection;

measuring sizes ol the monitor pattern, 1n a scatterometry
method by using a library including patterns, wherein a
range of space ratios of the library includes the target
space rat1o and does not include the space ratio of 1:1;

converting the sizes of the monitor pattern, which are mea-
sured through the measuring of the sizes of the monitor
pattern, into sizes of a pattern, a space ratio of which 1s
aimed to be 1:1, by using a regression equation for
converting the sizes of the monitor pattern having the
target space ratio into sizes of a pattern having a space
ratioof 1:1;

compensating for processing conditions 1n the predeter-
mined processes, based on the sizes of the pattern con-
verted 1n the converting of the size; and

forming a pattern having a space ratio of 1:1 on the film to
be processed on the substrate, by performing the prede-
termined processes on the substrate under the compen-
sated processing conditions.

14. The method of claim 13, wherein the target space ratio
of the monitor pattern 1s determined based on a reproducibil-
ity of a distance between a center of a line portion and a center
ol a neighboring line portion and a reproducibility of sizes of
the line portion 1n the monitor pattern.

15. The method of claim 14, wherein the target space ratio
of the monitor pattern 1s determined so that the reproducibil-
ity of the distance 1s 1.0 nm or less and the reproducibility of
the size 1s 0.2 nm or less.

16. A system for manufacturing a semiconductor device by
performing predetermined processes on a substrate to form a
pattern including line portions and space portions and having,
a spaceratio of 1:1 between a width of a first space portion and
a width of a second space portion that 1s adjacent to the first
space portion on a film to be processed on the substrate, the
system 1ncluding:

a processing unit comprising an applying and developing
device and an exposure device which form a resist pat-
tern including a plurality of lines on the film to be pro-
cessed on the substrate by performing a photolithogra-
phy process on the substrate, a trimming device which
trims the resist pattern, a film forming device which
forms a sacrificial film that functions as a mask when
ctchuing the film to be processed on the resist pattern, an
ashing device which forms a pattern of the sacrificial
{1lm on the film to be processed on the substrate, wherein
the pattern comprises a plurality of lines, by etching the
sacrificial film so as to have the sacrificial film remain
only on side wall portions of line portions of the resist
pattern, and by removing the resist pattern, and an etch-

10

15

20

25

30

35

40

45

50

55

60

65

24

ing device which form a pattern including a plurality of
lines on the film to be processed by etching the film to be
processed by using the pattern of the sacrificial film as a
mask, and performing the predetermined processes on
the substrate;

a pattern size measuring device which measures sizes of
the pattern of the sacrificial film or the pattern of the film
to be processed;

a controlling device which compensates for processing
conditions 1n the processing unit based on a result of
measuring the sizes of the pattern of the sacrificial film
or the pattern of the film to be processed,

wherein the controlling device controls the processing unit
to form a first monitor pattern formed on a sacrificial film
ol a substrate for inspection by the film forming device
and to form a second monitor pattern formed on a film to
be processed on the substrate for inspection by the etch-
ing device by performing predetermined processes on
the substrate for inspection, wherein target space ratios
of the first and second monitor patterns are different
from a ratio of 1:1; controls the pattern size measuring
device to measure sizes of the first monitor pattern or the
second monitor pattern formed in the processing unit, in
a scatterometry method by using a library including
sacrificial film patterns or patterns of the film to be
processed, wherein a range of space ratios of the library
includes the target space ratio and does not include the
space ratio of 1:1; converts the sizes of the first or second
monitor pattern of the target space ratio, which are mea-
sured by the pattern s1ze measuring device, into sizes of
a sacrificial film pattern or a pattern of a film to be
processed, a space ratio of which 1s aimed to be 1:1, by
using a regression equation for converting the sizes of
the first monitor pattern or the second monitor pattern
having the target space ratio into sizes of a sacrificial
{1lm pattern or a pattern of a film to be processed having
a space ratio of 1:1; and compensates for processing
conditions 1n the processing unit based on the sizes of the
converted sacrificial film pattern or the pattern of the
film to be processed.

17. A system for manufacturing a semiconductor device by
performing predetermined processes on a substrate to form a
pattern including line portions and space portions and having
a spaceratio of 1:1 between a width of a first space portion and
a width of a second space portion that 1s adjacent to the first
space portion on a film to be processed on the substrate, the
system comprising:

a processing unit which forms a pattern by performing the

predetermined processes on a substrate;

a pattern size measuring device which measures sizes of
the pattern formed by the processing unit; and

a controlling device which compensates for processing
conditions 1n the processing unit based on a result of
measuring the sizes of the pattern,

wherein the controlling device controls the processing unit
to form a monitor pattern, a target space ratio of which 1s
different from a ratio of 1:1, by performing the prede-
termined processes on a substrate for inspection; con-
trols the pattern size measuring device to measure sizes
of the monitor pattern formed by the processing unit, n
a scatterometry method by using a library including
patterns, wherein a range ol space ratios of the library
includes the target space ratio and does not include the
space ratio of 1:1; converts the sizes of the monitor
pattern, which are measured by the pattern size measur-
ing device, 1nto sizes ol a pattern, a space ratio of which
1s aimed to be 1:1, by using a regression equation for
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converting the sizes of the monitor pattern having the
target space ratio into sizes of a pattern having a space
ratio of 1:1; and compensates for processing conditions
in the processing unit, based on the converted sizes of the
pattern. 5
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